Summary. ARM and I, stability with respect to alternating field and lowtemperature treatment were measured for a set of artificial rock specimens. Each of the specimens contained a known amount of a natural magnetic mineral of a known grain size. The following minerals were used: a homogeneous natural magnetite, a natural titanomagnetite with submicroscopic Fe-rich inclusions, and a natural titanomagnetite and a natural titanomaghemite that both show exsolution phenomena. The grain size of the fractions varied from < 5 to 250pm. It is found that the stability of ARM and Z , of multi-domain grains with respect to alternating fields and low-temperature treatment is similar, whereas for the smallest grains studied (< 5 pm) ARM is more stable than I,. Multi-domain ARM data from this study are in agreement with current multi-domain ARM theory. Low-temperature behaviour of ARM and I,, can be explained either in terms of a model in which stable moments in the bulk of the grains are screened by the surrounding matrix or in terms of a model in which regeneration of the bulk remanence plays a role and in which stable moments are situated on the surfaces of the grains.
Introduction
A magnetic substance acquires an anhysteretic remanent magnetization (ARM) when it is subjected to an alternating field on which a direct field is superimposed and when the alternating field and the direct field are subsequently removed. It has been shown that ARM and thermo-remanent magnetization (TRM) have several characteristics in common when in single domain (SD) and small pseudo-single domain (PSD) grains of magnetite. Stability with respect to alternating field demagnetization has been found to be similar for ARM and TRM (Rimbert 1959; Levi & Merrill 1976) ; ARM and TRM intensity are both proportional to weak inducing direct fields; furthermore the law of addition that holds for partial TRM also holds for partial ARM (Patton & Fitch 1962; Dunlop &West 1969) . Jaep (1971) presented a set of equations concerning ARM and TRM for SD grains: these equations show a theoretical analogy between both types of remanence. Because of these similarities between ARM and TRM, ARM is frequently used instead of TRM in laboratory experiments to prevent chemical and crystallographic alterations due to heat treatment. However, ARM and TRM show quite a different behaviour in the case of multi-domain (MD) and large PSD grains of magnetite. For example, when low-temperature cycling to liquid-nitrogen temperature (-196°C ) is applied to ARM and TRM, these remanences generally show comparable recovery in the case of SD grains and small PSD grains of magnetite, but ARM and TRM recoveries are not identical in the case of MD magnetite grains (Levi & Merrill 1976) . The recovery of ARM in MD grains is more like that of the isothermal saturation remanence ( Z , ) than that of TRM, as can be concluded from the data of Dankers (1978) and Parry (1979) . It also has been observed that ARM weights the MD material in a specimen more than TRM; this is a typical characteristic of Zs (Levi & Merrill 1976; Bailey & Dunlop 1977 ).
In the case of a natural titanomagnetite, which was in an early stage of exsolution, it was found that normalized continuous thermal decay curves for Z , , and ARM were identical, whereas those for TRM were of a completely different shape (Hartstra 1982a ).
Lowrie & Fuller (1971) developed a test whereby one can distinguish SD and MD carriers of remanence by comparing the stabilities of I,, and weak-field TRM with respect to alter. nating field demagnetization. A higher stability of weak-field TRM is indicative of SD grains, whereas a higher stability of Z , , indicates MD grains. Although in several cases doubtful results have been obtained with this test (Day 1977 ), it appears to be successful for distinguishing between extreme cases of small SD and large MD grains. The TRM used in this test has sometimes been replaced by ARM (Dunlop, Hanes & Buchan 1973; Johnson, Lowrie & Kent 1975) . Parry (1979) , however, found identical median destructive fields for ARM and Z , , induced in specimens containing grains of magnetite with a mean grain size of 200pm. Similar stability of MD ARM and Z,, with respect to alternating field demagnetization would imply that the use of ARM instead of TRM is incorrect for MD grains and this would mean that the results of the alternative Lowrie/Fuller test are rather doubtful.
In the present study alternating field demagnetization curves for ARM induced in artificial rock specimens were studied as a function of PSD/MD grain size and were compared with alternating field demagnetization curves for Z , , induced in identical specimens (Hartstra, 1982a) . Furthermore, continuous recordings of low-temperature cycles to liquid-nitrogen temperature applied to ARM and I,, which were induced in the artificial specimens are presented for various grain sizes. The artificial rock specimens contained well-defined grainsize fractions (< 5-250ym) of four natural minerals. 'These minerals vvere: an optically homogeneous magnetite (MM 4); an optically homogeneous titanomagnetite (DKA), which, however, appeared to contain submicroscopic Fe-rich inclusions (Wartstra I982b); a titanomagnetite (LM 6) containing fine-and coarse-grained exsolution lamellae of ilmenite and hercynite (the host mineral is a magnetite with low Ti concentration); and a titanomaghemite (HM 7) containing Fie-grained exsolution 'blebs' of ilmenite (the host mineral is a maghemite with low Ti concentration). Microscopic, X-ray and microprobe data for these minerals are given in Table I . More detailed information about these minerals and about the preparation of the grain-size fractions and the artificial rock specimens can be found in Hartstra (1982a, b) and Dankers (1978) .
Experimental procedure
A standard palaeomagnetic demagnetization coil was used to induce ARM; the direct field was applied parallel to the axis of the coil. 'The alternating field used was 200 mT, which was enough to saturate the ARM of the specimens with respect to the direct field that was used (0.030 mT). Continuous recordings of low-temperature cycles were made using a type of spinnermagnetometer the specimen holder of which was inserted in a dewar; liquid nitrogen could be sprayed into the dewar in a controlled manner. The flow of liquid nitrogen and periodic measurement of the remanent magnetization were controlled by a microcomputer system. A complete low-temperature cycle took about 13/4 hr. A more detailed description of the spinner-magnetometer has been given by Danlters (1978) .
Results

ARM A C Q U I S I T I O N
ARM intensity per gram of magnetic material in a specimen showed a decrease with increasing grain size (Table 2) . For the inducing direct fields used in this study (maximum = 0.030 mT) ' Table 2 . Anhysteretic rernanence per gram of magnetic material (MARM) and anhysteretic susceptibility (XAXM) for magnetite (HM 4), tiianomagnetite (DKA), exsolved titanornagnetite (LM 6) and exsolved titanomaghernite (HM 7).
Grain size the acquisition of ARM was a linear function of the inducing field. In Fig. 1 the 'anhysteretic susceptibility' (XARM), i.e. the anhysteretic remanence per gram of magnetic material per unit of inducing direct field, has been plotted against grain size. Values for magnetite HM 4 and titanomagnetite (DKA overlap to some extent. Values for exsolved titanomagnetite LM 6 are somewhat higher than those for magnetite HM 4 and titanomagnetite DKA. These higher values are due to the exsolution lamellae present in LM 6, which reduce the effective grain size. Between 20 and 60pm the plot for XARM of exsolved titanomagnetite LM6 is almost horizontal. We do not understand the reason for this, but it could be due to the fact that for grains of LM 6, which exceed several tens of microns in diameter, reduction of the effective grain size is caused not only by the fine-grained exsolution lamellae present in LM 6, but also by the coarse-grained lamellae, which are about 10-20pm apart. Because the grains of titanomaghemite HM 7 are more effectively subdivided by exsolution than those of LM 6 they have an almost constant effective grain size and an almost constant value of XARM for all grain sizes of HM 7. Analogous effects due to effective grain-size reduction were found for &-related parameters of these minerals. A more detailed discussion of the effects of effective grain-size reduction in LM 6 and HM 7 can be found in the study on these parameters (Hartstra 1982a) .
ALTERNATING FIELD DEMAGNETIZATION O F ARM
The median destructive field of alternating field demagnetization of ARM ( H f i A ) shows a decrease with increasing grain size for all four minerals studied (Fig. 2, Table 3 ). Plots for HM 4, LM 6 and HM 7 are more or less parallel. Apparently the reduction in effective grain size due to exsolution hardly influences the gradient of the curves of HM 7 and LM 6 as compared to the curve of HM 4, but it does result in higher values for H%A. The shape of the curve for DKA differs from the shapes of the curves for the other three minerals, whereas H ' / I~ values are intermediate between those for HM 4 and LM 6. 
By comparing normalized alternating field demagnetization curves for ARM and Z,, for magnetite HM 4 one sees clearly that for grain sizes below 10pm the stability of ARM with respect to alternating fields is higher than for I,, (Fig. 3) . For grain sizes larger than 10pm ARM and Z , stabilities are similar in some cases, whereas in others between 10 and 20mT intersections of the demagnetization curves are observed. In the latter case I,, is more stable than ARM in the lower part of the coercivity spectrum. (Fig. 2) and H s z (Hartstra 1982b) appear to be somewhat more sensitive over a larger grain-size range than the isothermal Lowrie/Fuller test. - The 'intersection phenomenon' has been observed before in the PSD range by various authors (Dunlop et al. 1973; Johnson et al. 1975; Levi & Merrill 1978) . The higher stability of ARM in the higher part of the coercivity spectrum could be due to the presence of SDlike PSD surface moments (Stacey & Banerjee, 1974) . The lower stability of ARM in the lower part of the coercivity spectrum would then be due to the MD moments in the bulk of the grains. However, it is clear from the 250-150 and 100-75pm specimens used in this study that the ARM and I,, in MD grains of HM 4 have almost identical stabilities.
Effective grain-size reduction to (P)SD grain size in exsolved titanomagnetite LM 6 and exsolved titanomaghemite HM 7 is accurately reflected in the relative stabilities of ARM and I, with respect to alternating field demagnetization: ARM is more stable than I,, for all grain sizes of these two minerals (Figs 5 and 6 and Table 4 ).
Comparing the plots of H%A (Fig. 2) , HxI (Hartstra 1982b) and HsA /H%[ (Fig. 4) of DKA versus grain size it is evident that in the case of this mineral the separate parameters yield clearer information about grain size than does the ratio of the parameters.
G R A I N I N T E R A C T I O N
Each of the specimens used in this study contained the same amount of magnetic material, which implies that the packing density of the grains increases with decreasing grain size. As a result of grain interaction this phenomenon could influence the parameters that are measured in this study. In view of this, two sets of specimens of HM 4 in the 250-150pm and the 15-10pm grain-size ranges were prepared with amounts of magnetic material ranging from 0.01 to l.0Og specimen-', and XARM and H s A were measured for these specimens. It was found that H%A hardly changed with the amount of magnetic material in the range of 0.01-0.25 g specimen-' for the 250-150pm specimens, whereas for higher concentrations a slight decrease was observed. For the 15-10pm specimens an increase in H%A with decreasing packing density was found (Table 5) . XA, hardly changed with the packing density of the grains for the 250-150pm specimens, whereas for the 15-10pm specimens a slight increase with decreasing packing density was found ( Table 5 ) . From these measurements it can be concluded that the values of H s A and XARM for fine grain sizes will be somewhat higher than those given in Figs 1 and 2 and in Tables 2 and 3 in the case of low packing densities. Because no packing density dependence was found for H~I (Hartstra 1982b ) the ratio H x A / H~I (Fig. 4, Table 4 ) will be slightly larger for assemblages of fine grains with a low packing density.
Continuous recordings of low-temperature cycles of ARM and I,, induced in magnetite HM 4 have several characteristics in common (Figs 7 and 8 ). For 150-100pm specimens of HM4 a minimum in the remanent magnetization is observed near the isotropic point, around -140°C. When the specimer: is reheated a minimum in the remanent magnetization is observed around -1 15"C, whereupon the remanent magnetization shows a partial regeneration to the original remanence ('memory effect'). The difference in the temperatures a1 which the minima during cooling and reheating are found is not introduced durinE measurements, but is a real effecl, foi different heating rates do not influence the observed difference The regeneration process starts at a lower temperature for smaller grain sizes.
-L-, With decreasing grain size the observed minima become less obvious and disappear completely foi the smallest grain sizes studied. Foi HM 4 both the ratio of the remanence a1 -196°C and the original remanence at 0°C (M-196/M0> and the ratio of the regenerated remanence at 0°C and the original remanence a1 0°C (Mco/Mo) show an increase with decreasing grain size (Table 63 . This is alsc observed for the ARM and I,, of exsolved titanomagnetite LM 6 (Figs 9 and 10 and Table 6 ). However, the change irr these ratios with grain size is less for LM 6 than for HM 4, which indicates that these ratios depend only partially on the overall grain size of LM 6, due to the effective grain-size reduction in this mineral. This effective grain-size reduction also results in higher values for M-196/MO andMo/Mo for intermediate and large overall grain sizes of LM6 with respect to HM4. Another effect of effective grain-size reduction in LM 6 is to obscure the minima in the remanence which were observed for the larger grain sizes of HM 4. The temperature at which, during cooling, a constant intensity of remanence is reached for LM 6 is about 10°C lower than the temperature at which a constant intensity of remanence is reached in the case of HM 4. Although -in the case of HM 4 and LM 6 -there are some similarities between the continuous low-temperature recordings of ARM and I,,, there are also some differences.
In the first place it should be noted that for coarser grains ARM is less stable than I , with respect to low-temperature treatment, whereas for fine grains the reverse holds. This means that in the temperature interval between 0°C and -100°C the stability of ARM with respect to low-temperature treatment changes more rapidly with grain size than does the stability of I,.
A second difference in I,, and ARM low-temperature behaviour is that ARM has higher wo/Mo and M-196/Mo ratios than I,,. The difference between wo/M0 ratios of ARM and I,, shows an increase with decreasing grain size: whereas regeneration is similar for coarse and intermediate grains of HM 4, there is a considerable difference for smaller grain sizes. The same trend was found for the difference inM-lg6/M0 ratios of ARM and I,, albeit somewhat less pronounced.
The cooling curves of DKA reflect the complex character of this apparently homogeneous titanomagnetite (Figs 11 and 12 ). DKA is a titanomagnetite or titanomaghemite ~ probably a mixture of both -containing submicroscopic magnetite-rich inclusions that are of SD size (Hartstra 1982b ). These SD inclusions are partially magnetically screened by the surrounding matrix of titanomagnetite and titanomaghemite; the screening effect is reduced with decreasing grain size. This implies that for smaller grains of DKA the behaviour of this mineral will be largely determined by these SD magnetite-rich inclusions. The continuous recordings of the cooling cycles of the < 5 pm grain-size specimens of DKA can be interpreted as low-temperature curves of magnetite with a transition temperature around -150°C. This corresponds with a magnetite with an x-value of 0 or with a titanomagnetite with an x-value around 0.50 (Tucker 1981) . Hartstra (19825) derived an x-value of 0.20-0.25 for the SD inclusions of DKA on the basis of Curie temperature measurements. However, Tucker (1981) points out that titanomagnetites with compositions between x = 0 and 0.50 have transition temperatures below liquid-nitrogen temperature.
This observation apparently is not in agreement with the data on the SD inclusions in titanomagnetite DKA.
Superimposed on the low-temperature curves of the SD magnetite-rich inclusions of DKA are the low-temperature curves of the partially maghemitized titanomagnetite matrix. The part of the curves as determined by the matrix will be more evident for larger grain sizes, because in such grains the SD inclusions will be effectively screened. If we compare the lowtemperature curves of 150-100 pm specimens of DKA with low-temperature curves as determined by Dankers (1978) for titanomaghemites and titanomagnetites we come to the following conclusion: the broad peak observed around -100°C is probably due to the titanomagnetite part of the matrix that is only slightly maghemitized, whereas the reduction in the remanence observed during the reheating of the specimens seems to be due to the titanomaghemite part of the matrix (ct Dankers 1978 , pp. 127-1 28). Low-temperature curves for 150-100pm specimens of DKA, which are largely determined by the partially maghemitized titanomagnetite matrix, show that for such a matrix the stability of MD Is* with respect to cooling is higher than that of MD ARM. This phenomenon was also found for HM 4 and LM 6 .
Most of the low-temperature curves for exsolved titanomaghemite HM 7 show a very slight increase during cooling. After reheating to room temperature almost 100 per cent of
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temperature In *c Figure 13 . Normalized low-temperature curves ot ARM induced at room temperature foi various grain sizes of exsolved titanornaghemite HM 7. Comparison of ARM and I , of MD-PSD magnetites
temperature I" *c Figure 14 . Normalized low-temperature curves of I,, induced at room temperature for various grain sizes of exsolved titanomaghemite HM 7.
the original remanence of both ARM and I, remains (Figs 13 and 14) . Comparing the results for HM 7 with curves found by Dankers (1978) for another exsolved titanomaghemite we find that a considerable variation is possible in the low-temperature behaviour of exsolved titanomaghemites. This variation could be due to different degrees of maghemitization and different types of exsolution in these minerals: in Dankers' titanomaghemite exsolution lamellae were observed, whereas in HM 7 exsolution blebs occur.
Discussion
A R M
ARM for SD grains has been explained by Preisach (1935) in terms of a static model. Jaep (1971) presented a dynamic model for both ARM and TRM, taking into account interaction between grains. ARM in MD grains has been considered by Gillingham & Stacey (1971) and Stacey & Banerjee (1974, pp. 141-145) . They arrived at the following expression for the ARM of MD grains:
where N is the demagnetizing factor of the grain, h the inducing direct field and Xi the intrinsic susceptibility of the grain. The observed susceptibility (X,,) is related to Xi in the following manner:
Substitution of Xi in expression (1) yields:
According to Stacey & Banerjee (1974) the1 following relation holds for hysteresis properties:
where H, is the coercive force, H,, the remanent coercive force and I,, the saturation remanence. From expressions (3), (4) and ( 5 ) we find:
where M,, is the saturation remanence per gram of magnetic material. It should be noted, however, that expressions (4) and ( 5 ) are based on the assumption that the intrinsic hysteresis curve of the grains is subvertical in the range -H, < H < 0. Results for N of HM 4 were found to be satisfactory using expression (4), but those obtained using expression ( 5 ) appeared less reliable (Hartstra 1982b ). If we assume N to have the mean value as determined by expression (4) ( N = 2.7) we find for HM 4:
where c is a function of the grain size (d):
In order to compare theoretical and experimental results for HM 4 we should now use the following expression:
, -~-~ Except in the case of the data for the <5pm grains for HM4, the relationship between (XARM x c ) and (Msr/Hcr) is a linear one (Fig. 15) , but the slope of the line is not unity as is predicted by expression (9). The deviation from unity shows a gradual increase with decreasing grain size ( Fig. 16 and Table 7 ). Apparently the 'true' MD grains of the 2 5 0 -1 5 0~ grain-size fraction more or less obey expression (9), whereas MD theory fits less satisfactorily to the experimental results for the smaller grain sizes, in which the influence of PSD moments gradually increases. This observation is in agreement with Stacey & Banerjee (1974) who on using the experimental data of Gillingham & Stacey (1971) found 'that the observed ARM is significantly stronger than predicted for smaller (grain) sizes'. If the observed deviation from unity of the ratio (M,,/H,,)/(XARM x c ) should indeed be interpreted as a PSD effect, then it follows from our data that even for grains in the range of 250-150ym some PSD effects can be observed. In view of the dependence of XARM and H,, (Hartstra 1982b) on packing density the possibility should be considered that the observed trend in the (M,,/H,,)/(XARM x c ) ratio is a result of the increasing packing density of the grains with decreasing grain size in our specimens. In order to establish the influence of the packing density on the observed trend in the ratio, the ratio was calculated for 250-150 and 15-10pm specimens with 0.01 g of magnetic material per specimen. Decreasing packing density results in a slight decrease in the ratio, and the same trend with grain size is observed.
For exsolved titanomagnetite LM 6 and exsolved titanomaghemite HM 7 it was not necessary to correct expression (6) in view of the satisfactory results for N data of these minerals (Hartstra 1982b) . Due to effective grain-size reduction in these minerals the M,/ffc, versus XARM plots tend to form clusters rather than lines (Fig. 15) .
No reliable correction for expression (6) could be carried out for titanomagnetite DKA, because results for N of this mineral were poor for both expressions (4) and (5) (Hartstra 1982b) . It is therefore rather difficult to interpret the clearly s-shaped curve of DKA in the M,/H,, versus XARM plot. However, it should be noted that on the whole data points for DKA show a larger deviation from unity than for HM 4; this could be due to the presence of SD inclusions in DKA. Table 7 . Ratio of remanent saturation remanence and remanent coercive force (Msr/Hcr) and ratio ofMs,/Hc, and anhysteretic susceptibility (XARM) for titanomagnetite CPKA), exsolved titanomagnetite (LM 6 ) and exsolved titanomaghemite (HM 7). For magnetite HM 4 the value of (XARM X c ) has been used, where c = -0.21 X iog d + I .I 1 (see text). 
LOW-TEM P E R A T U R E C H A K A C T E RISTICS 0 F M A G N E T I T E
When magnetite is cooled to liquid-nitrogen temperature (-196°C) it will undergo a phase transition from cubic to monoclinic around -155°C (Chikazumi 1976; Yoduda & Iida 1977) . Around this temperature the magnetocrystalline anisotropy constant K 1 changes sign (the isotropic point) and the easy direction of magnetization changes from (111) to (100) directions. Shape anisotropy will remain constant over the whole temperature range, and the magnetostrictive strain coefficients only show a very gradual change (Syono 1965) and at the transition temperature they still have values of the same order of magnitude as they had at room temperature (Arai ef af. 1976). Shape and stress factors could therefore play a dominant role near the isotropic point. During heating of magnetite from liquid nitrogen temperature to room temperature one observed either partial recovery of the remanence, or a further decrease in the remanence or a self-reversal of the remanence. Ozima, Ozima & Akimoto (1964) and Nagata (1965) assumed that magnetostatic interactions were involved. Kobayashi & Fuller (1968) reject the role of magnetostatic interaction because the recovery of the original remanence after a cooling cycle ('memory') is independent of superimposed soft magnetizations and has a high stability with respect to the original remanence. They favour a model in which stress and magnetocrystalline anisotropy cooperate. As the temperature is lowered the MD remanence will decrease due to the decrease in the magneto-crystalline energy. At the isotropic point part of the original remanence is conserved in stable domains that are pinned by 'pile-ups' of stresses within the bulk of the grains. Due to the low value of the first magnetocrystalline constant K , at this temperature the magnetite that surrounds these stable domains will be very soft and these domains will be partially screened by the surrounding magnetite.
Merrill (1 970) found that soft magnetizations sometimes do survive low-temperature treatment and he suggests that magnetostatic interactions may be of some importance in low-temperature processes. Stacey & Banejee (1974) assume that the stable remanence that remains after magnetite is cooled through its isotropic point consists of PSD moments that are pinned on the surface of the grains due to surface irregularities and/or stresses.
The observed minima in the low-temperature curves of HM 4 could be due to a screening effect, as suggested by Kobayashi & Fuller (1968) . The slight increase in the remanence below the isotropic point in terms of this model implies a decrease in the screening capacity of the magnetite matrix that surrounds the stable domains in the bulk of the grains. Such a decrease in screening capacity agrees with the fact that the absolute value of the first magnetocrystalline anisotropy constant K 1 increases again below the isotropic point. For smaller grain sizes screening of the stable domains within the bulk of the grains will be less effective, because the surface-to-volume ratio will increase with decreasing grain size. This corresponds to the observed disappearance of the minima for the smaller grains of HM 4 on the one hand, and on the other, to the occurrence of more pronounced minima for large single crystals of magnetite (Tucker 1981) . A higher intensity of the remanence remaining below the isotropic point for smaller grains might -in terms of this model -also be due to less effective screening of the stable domains.
The minima in the low-temperature curves for HM 4 can, however, also be explained in terms of the model of Stacey & Banerjee (1974) . The minima in the curves should then be interpreted as being due to regeneration of the MD moment within the bulk of the grains when -below the isotropic point -K , increases in value and a new domain configuration is established. The orientation of this regenerated remanence will be determined by the remaining stable remanence at the isotropic point, which is entirely due to pinned PSD surface moments. The increase in the surface-to-volume ratio with decreasing grain size will result in an increase in the PSD-to-MD ratio in the remanence. For small grains the MD regeneration within the bulk of the grains below the isotropic point will be so small as to be obscured by the remaining PSD surface moments. This corresponds with the disappearance of the minima for the smaller grain sizes and also explains the higher intensity of the remaining remanence below the isotropic point.
It should be noted that in the model of Kobayashi & Fuller (1968) -in addition to screening -regeneration processes analogous to those discussed here probably play a role.
Both the model of Kobayashi & Fuller (1968) and the model of Stacey & Banerjee (1979) assume the presence of a remanence that is stable with respect to cycling through the isotropic point. Recovery of part of the original remanence at room temperature ('memory') is due to the descreening of this stable remanence and/or partial regeneration of the unstable part of the remanence under the influence of the remaining stable part of the remanence. Merrill (1970) found that repeated low-temperature cycling of magnetite of various grain sizes resulted in a decrease in the memory after each cycle. This implies that after each low-temperature cycle the intensity of the stable part of the remanence decreases. The presence of this stable part of the remanence is based on stress centres within or on the surface of the grains. Repeated cycling through the phase transition around -155°C apparently reduces the number of stress centres and therewith the intensity of the stable part of the remanence.
The minimum in the heating curves is generally observed at a higher temperature than that at which the minimum in the cooling curve is found. From runs with different cooling and heating rates it followed that this a real effect and not due to 'temperature lag'. Probably the transition from one domain configuration to another is not determined only by the temperature at which K , equals zero. At this 'isotropic' temperature stress and shape factors will play a dominant role in maintaining the 'old' domain configuration. The 'new' domain configuration, which is in accordance with the new sign of K , , will only be formed after K 1 has reached a sufficiently high value again. This would imply that the transition during cooling occurs at a temperature just below the isotropic point and during heating above this temperature. This would result in different transition temperatures during cooling and heating. In terms of this transition model the observed minima at the transition temperatures cannot be explained by screening, but must be entirely due to regeneration processes.
The transition temperature for exsolved titanomagnetite LM 6 is observed at a lower temperature than for magnetite HM 4. The host mineral of exsolved titanomagnetite LM 6
has an x-value of about 0.06, whereas magnetite HM4 has an x-value that equals zero. It was pointed out by Tucker (1981) that, whereas magnetites with an x-value of 0 and titanomagnetites with x-values around 0.50 have transition temperatures of about -1 50"C, titanomagnetites with intermediate compositions have transition temperatures below liquidnitrogen temperatures. The x-value of 0.06 for LM 6 could explain the observed lower transition temperature. However, the presence of exsolution lamellae within LM 6 could also play a role. The fact that both cooling and heating curves of LM 6 have lower transition points then those of HM 4 suggests that the high-temperature domain configuration of LM 6 on the whole is more stable than that of HM 4. In LM 6 domain wall pinning will be largely determined by the exsolution lamellae that are present in this mineral. The lamellae have a fixed crystallographic orientation, and a restricted number of stable domain wall configurations will be possible within this fixed framework of lamellae. It is possible that the general orientation of the domains, as required by the direction of easy magnetization below the isotropic point, is less stable within the fixed framework of exsolution lamellae than is the general orientation of the domains above this temperature.
Since stress seems to exercise a major influence on the transition temperature (Chikazumi 1976) , stresses related to the exsolution lamellae in LM 6 could also cause a different transition temperature with respect to HM 4. Even though stresses associated with semi-coherent magnetite-ilmenite interfaces are not large enough to influence the coercivity of the magnetite phase (Shive & Butler 19691 , it is not unlikely that near the isotropic point, where K , is near zero, their influence is large enough to cause a different transition temperature.
Conclusion
Results of this study confirm the MD ARM theory presented by Gillingham & Stacey (1971) and Stacey & Banerjee (1974) . A gradual transition from MD towards SD properties is found and PSD effects can be observed even for grains of 250-150pm. The stability of ARM for large PSD and MD grains with respect to alternating field demagnetization is similar to the stability of Zsr for such grains. This implies that for large PSD and MD grains ARM should not be used as a replacement for TRM. As a result the alternative L.owrie/Fuller test, based on the use of ARM and Z,,, only yields useful information about the size of grains below 10pm. Data based on alternating field demagnetizations of ARM and I,, alone yield more useful information over a wider range of grain sizes.
Low-temperature characteristics as observed for different grain sizes of magnetite in this study can be explained either in terms of a model based on the pinning of stable domains in the bulk of the grains in combination with screening and regeneration of remanence (Kobayashi & Fuller 1968) or in terms of a model based on the pinning of stable domains on the surface of the grains in combination with regeneration of remanence (Stacey & Banejee 1974) .
The transition temperature from the high-to the low-temperature domain configuration is not determined exclusively by the temperature at which the magnetocrystalline anisotropy constant changes sign but it is also a result of stress and shape. The presence of exsolution lamellae may influence, either via shape factors or via stress factors, the stability of a domain configuration and thereby the temperature at which the transition from one domain configuration to another occurs. The memory in the case of I , an ARM decreases with increasing grain size, while memory for ARM is higher than for I , for all grain sizes studied, but the difference between ARM and I , memories decreases with increasing grain size and is only small for MD grains. The overall change in the memory differences is less pronounced than the change in the memories themselves. From memory data for exsolved titanomagnetite it follows that the difference between the memories of ARM and I,, is determined by the SD-PSD grains as defined by the exsolution lamellae, whereas the separate parameters show an additional sensitivity to the change in the overall PSD-MD grain size of this mineral.
